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distance to Lupus I. Extinction maps of the region (Cambrésy 1999) as well as molecular line surveys (e.g. CO; Tachihara et al. 2001) point to a total mass of molecular gas in Lupus I of the order of 10 4 M . Lupus I sits on the edge of the Scorpius-Centaurus OB association, a nearby group of high-mass stars (see e.g. Preibisch et al. 2002) . The median age of stars in the closest subgroup of Sco-Cen, Upper Centaurus-Lupus, is estimated at 16 Myr (Pecaut, Mamajek & Bubar 2012) . Thus, the association is older than the YSOs in Lupus I itself, for which Hughes et al. (1994) found an age range between 0.76 and 3.16 Myr. There is also ongoing star formation in the region, an example being the Class 0 protostar IRAS 15398-3359 (Oya et al. 2014) . Stars in Lupus I are also noted by Hughes et al. (1994) to be younger than those of Lupus III; Tachihara et al. (1996) suggest this could be the result of a shock from Sco-Cen across Lupus I, which is closer to Sco-Cen than Lupus III.
The Lupus molecular clouds are associated with the ring of nearby OB stars and molecular clouds known as the Gould Belt. The James Clerk Maxwell Telescope (JCMT) Gould Belt Legacy Survey (GBS; Ward- Thompson et al. 2007 ) was initiated to map all nearby starforming regions accessible from Maunakea with the Submillimetre Common User Bolometer Array (SCUBA-2; Holland et al. 2013) . SCUBA-2 is capable of producing maps of submillimetre continuum emission over extended areas of the sky.
Detections in the submillimetre enable the amount of cold material to be estimated. Hence, masses of circumstellar disc for more evolved sources (e.g. Buckle et al. 2015; Dodds et al. 2015) or circumstellar envelopes for more embedded sources (e.g. Rumble et al. 2015) can be determined. 870 μm observations of Lupus I by Gaczkowski et al. (2015) have already enabled the detection of dense cores and the estimation of their masses. This work uses the SCUBA-2 continuum maps of Lupus I to study the population of young stellar objects (YSOs), largely identified from Spitzer Space Telescope observations (Merín et al. 2008) , as well as dense cores and their stability.
The structure of this paper is as follows. Section 2 discusses the observations and data reduction process. Section 3 presents the final SCUBA-2 maps of Lupus I. Section 4 focuses on the YSOs found in Lupus I. Disc properties are explored, and spectral energy distributions (SEDs) of the known YSOs in the region are produced by combining SCUBA-2 data with data from a variety of other surveys. Extended structures, treated as protostellar, pre-stellar and starless cores, are examined in Section 5. The size and stability of these cores is evaluated. In Section 6, the conclusions of this paper are summarized.
O B S E RVAT I O N S A N D DATA R E D U C T I O N
Three separate fields in the Lupus I molecular cloud were observed with SCUBA-2 as part of the JCMT GBS (Ward-Thompson et al. 2007) . Continuum observations at both 850 and 450 μm were made using the PONG mapping pattern (Kackley et al. 2010 ) to produce 30 arcmin diameter maps of each field (designated NW, E and SW). Observations can probe extended structure down to the scale of the JCMT effective beam size, approximately 9.6 arcsec at 450 μm and 14.1 arcsec at 850 μm (Dempsey et al. 2013) . The JCMT beam can be described as a superposition of both a main-beam Gaussian and an error-beam Gaussian. The secondary error beam is larger than the effective size of the main beam, 48 and 25 arcsec at 850 and 450 μm, respectively.
Three scans of the NW field were taken in 2014 August, with the rest of the scans of Lupus I taken in 2015 January. The sky coordinates (J2000) on which the NW, E and SW fields are centred, along with other details of the observations, are given in Table 1 .
Most of these observations were completed in dry band 2 weather, with 225 GHz opacity 0.05 < τ 225 < 0.08. τ 225 is related to precipitable water vapour (PWV) via the relation τ 225 = 0.04PWV zenith + 0.017 (Dempsey et al. 2013) . Observation 72 of the E field on January 17, as well as observation 40 of the SW field on January 26, were made in band 3 weather, where 0.08 < τ 225 < 0.12. Finally, observation 46 of the SW field on January 26 was in poorer band 4 weather, with τ 225 = 0.13. While observations at 850 μm can be successfully carried out in as low as band 3 weather, 450 μm observations begin to degrade even in dry band 2 conditions. Data reduction was implemented with MAKEMAP, an iterative mapmaker that is part of the Submillimetre User Reduction Facility (SMURF; Chapin et al. 2013) . The data reduction for this analysis is consistent with the GBS Legacy Release 1, including gridding data to 3 arcsec pixels at 850 μm and 2 arcsec pixels at 450 μm. However, there are a few differences that will be highlighted.
A two-stage data reduction process is used to produce the final SCUBA-2 maps in this paper and the GBS Legacy Release 1 data set in general. The first map produced, the automask reduction, uses high signal-to-noise ratio (SNR) values in the SCUBA-2 timestream to identify real sources of emission. The second 'external mask' reduction uses a combination of stacked automask reductions and other available information to constrain areas of real source emission for the reduction. In both rounds of reduction, models of the various modes of emission (including common mode subtraction, high pass filtering and real astronomical signal; Chapin et al. 2013) are iterated upon until the average change of the pixels in the map between iterations is reduced to <0.1 per cent of the map rms. Parameters for the automask reductions for Lupus I differ from Legacy Release 1 in order to improve the recovery of faint emission. Based on the tests by Mairs et al. (2015) , lower SNR pixels were considered as potential source emission by changing the value of the ast.zero_snr parameter from 5 to 3. Additionally, zones of probable source emission were extended from none below a 5σ floor to include 2σ pixels around a 3σ peak, by changing the ast.zero_snrlo parameter from 0 to 2. A similar procedure will be used in the next GBS data release.
Individual automask-reduced maps for each field were then coadded into mosaics using the PICARD recipe MOSAIC_JCMT_IMAGES . The presence of noisy data artefacts in the August 15 scan of the NW field resulted in this scan being excluded from this process, which increased the overall noise of the NW field automask mosaic. The 850 μm mosaics were used to identify probable emission structure in order to create masks for use in the extmask reduction stage. Every individual pixel in the SCUBA-2 maps with an SNR of at least one was included in the masks produced. While this criterion inevitably included fake as well as real emission, masked 'fake' pixels are non-contiguous. Hence, they are not reproduced in the external mask reduction stage.
At 850 μm, the SCUBA-2 masking for the SW field was combined with the Herschel 500 μm (Rygl et al. 2013 ) continuum map, masking off emission below a 1 Jy beam −1 threshold. Additionally, circular masks of 1 arcsec diameter centred around Spitzeridentified sources from Merín et al. (2008) were used. All pixels within these masks could therefore be considered as potential emission structure. The extra masking was used due to faint emission in the field. Pixels below the SNR of 3 required to be treated as a zone of emission in the automask reduction stage could none the less visibly correspond to areas of real emission seen in the Herschel map.
The 450 μm masks were generally the same as at 850 μm. However, for the SW field, only SCUBA-2 850 μm contours were used, simply because the quality of the observations was so low that no form of masking would be able to extract true signal from the noise. This situation is detailed in Section 3.
The masks (Fig. 1 , available in the online-only supporting information) were then used in the external mask reduction stage. The iterative map-maker was re-run using these masks, and all fields were then mosaicked together to produce final maps of the Lupus I molecular cloud at both 850 and 450 μm. All scans were used to produce the final maps, in order to obtain the best SNR for areas of real emission. However, this approach does allow the possibility of data artefacts in individual scans propagating through to the final map. Such artefacts are present in one scan of the NW field (see Fig. 1 ).
The data reductions used a spatial filter of 10 arcsec, meaning that sources with a Gaussian full width at half-maximum (FWHM) size of <2.5 arcmin are robustly detected. Sources with 2.5 arcmin < FWHM < 7.5 arcmin will be detected, but with both flux and size underestimated. Any sources larger than this will depend on the mask being used in the data reduction, or they will be suppressed (Chapin et al. 2013 ). The tests of Mairs et al. (2015) show that extended structure is suppressed during the data reduction when located outside an external mask. Small-scale structures do not suffer from being located outside the mask to nearly the same extent. Artefacts in the data from the August 15 scan of the NW field, in the bottom right of the field, are marked with asterisks. Herschel 500 µm emission (Rygl et al. 2013 ) is shown with green contours, at a level of 30 MJy sr −1 .
The data are calibrated to units of mJy arcsec −2 using flux conversion factors in the data reductions of 21.06 ± 0.72 and 18.84 ± 2.00 Jy pW −1 pixel −1 at 850 and 450 μm, respectively. Due to the chosen pixel sizes of 3 and 2 arcsec at 850 and 450 μm, respectively, these numbers therefore correspond to the values of 2.34 ± 0.08 and 4.71 ± 0.5 Jy pW −1 arcsec −2 in Dempsey et al. (2013) . All of the data products presented in this paper are available at: http://dx.doi.org/10.11570/17.0002.
S C U BA -2 M A P S
The reduced SCUBA-2 maps of Lupus I are shown in Fig. 1 (850 μm) and Fig. 2 (450 μm) . The typical pixel-to-pixel rms noise level at 850 μm is 0.06 mJy arcsec −2 . Noise is larger and more variable at 450 μm, with values of 1.7, 2.8 and 5.1 mJy arcsec −2 for the NW, E and SW fields, respectively. The noisy edges of these fields were clipped using the Starlink KAPPA software (Currie & Berry 2013) to remove edge areas with incomplete PONG coverage (with a local noise level of greater than 0.1 mJy arcsec −2 ). Due to the widely varying noise levels in the 450 μm map, this strategy resulted in more clipping of the noisier fields, SW in particular. Full SCUBA-2 error maps of the region are presented in the online-only supporting information, as Fig. 3 .
The 850 μm map shows evidence for both compact sources and more extended structures. The chief area of emission is seen in a line from the SE to NW corners of the E field, corresponding with the areas of extended filamentary structure seen in the Herschel maps of the region (Rygl et al. 2013) . Additionally, the strong emission seen in the NW field is associated with the protostar IRAS 15398-3359 (Heyer & Graham 1989; Oya et al. 2014) . Both the emission from the envelope of the star itself and an associated filamentary-like structure can be seen. Areas of faint, extended emission can also be seen in the SW field. The NW field is affected by the data artefacts in the 2014/08/15 scan (denoted with asterisks in Fig. 1 ).
In the 450 μm map, the protostar in the NW field (IRAS 15398-3359) as well as nearby extended structure can be seen. Also visible is the cluster of emission found in the centre of the E field, though there are many noisy pixels.
Some of the compact sources (assumed to be point sources) found in the 850 μm map are isolated, for example, at the SE corner of the E field. The positions of many, however, are found within the areas of extended emission. Compact sources can be seen within the cluster of emission in the E field and also in the centre of the SW field. These compact sources are expected to correspond to circumstellar discs around young stars, because SCUBA-2 does not have the required resolution to resolve discs. Taking the distance to Lupus I to be 182 +7 −6 pc (Galli et al. 2013) , the 850 μm beam size (14.1 arcsec) corresponds to a spatial scale of ∼2500 au, and the 450 μm beam size to ∼1750 au. This large extent means that the spatial scales of circumstellar discs, usually <1000 au (McKee & Ostriker 2007) and Figure 2 . SCUBA-2 450 µm dust continuum maps of the Lupus I molecular cloud NW (top) and E (bottom) fields. Only regions containing significant detections are shown. Contours signify emission at 1σ , 2σ and 3σ (black, magenta and red, respectively, in the online version). Herschel 500 µm emission (Rygl et al. 2013 ) is shown with large-scale, smoothed contours (green in the online version), at a level of 30 mJy sr −1 . Figure 3 . SCUBA-2 dust continuum map of the Lupus I molecular cloud at 850 µm. Additional masking contours produced from the Herschel 500 µm Lupus map (Rygl et al. 2013 ) are shown, and Spitzer YSO positions are overlaid. Herschel masking contours are black at the threshold used in the data reduction stage of 1 Jy. Red circles on the 850 µm map denote the position of YSOs detected by Spitzer (Merín et al. 2008) , as detailed in Table 2 . Green circles correspond to those disc sources not in the Spitzer paper that were detected by IRAS (labelled as L1YSO 14 and L1YSO 15). The straight red contours outline the field of view of IRAC in Lupus I.
averaging ∼200 au (Andrews & Williams 2007) , fall well within the JCMT beam sizes. Hence, they are simply observed as point sources.
Overall, the amount of structure visible with SCUBA-2 in Lupus I is low. Compared to other regions observed with SCUBA-2, e.g. Ophiuchus (Pattle et al. 2015) , Orion A (Salji et al. 2015; Mairs et al. 2016) , Orion B (Kirk et al. 2016) and Perseus (Chen et al. 2016) , the maps show much less evidence of bright, compact objects and clustered structures. Its appearance is more in line with the relatively quiescent Auriga-California Nebula (BroekhovenFiene et al., in preparation) , although even Auriga-California contains more structure than Lupus I. Nevertheless, Lupus I contains several YSOs (see Section 4) and dense cores (see Section 5).
YO U N G S T E L L A R O B J E C T S

YSO fluxes and previous observations
SCUBA-2 Fluxes
The Lupus I molecular cloud was observed as part of the Spitzer c2d project ('From Molecular Cores to Planet-Forming Discs'; Evans et al. 2003 Evans et al. , 2009 , using the Spitzer Space Telescope (Werner et al. 2004) . Observations of Lupus I with Spitzer were presented in Merín et al. (2008) , and the positions of 13 YSOs are used to guide photometry within the area of Lupus I observed by SCUBA-2. An additional four YSOs present in Merín et al. (2008) are outside the SCUBA-2 field of view. Source positions and the Spitzer area of coverage are presented, overlaid on the SCUBA-2 850 μm map, in Fig. 3 . Zoomed-in 850 μm images of each of the YSOs are available in the online-only supporting information, as Fig. 2 .
Photometry was also carried out for two additional sources. The source IRAS 15422-3414 (L1YSO 14) is visibly present in the Infrared Array Camera (IRAC)/Multiband Imaging Photometer for Spitzer (MIPS) observations of the region, but was excluded from Chapman et al. (2007) and Merín et al. (2008) due to being missed by the automated YSO detection criteria. Outside of the Spitzer coverage region, a detection was obtained of the T-Tauri star GW Lup (e.g. Kukarkin et al. 1971; Cutri et al. 2003) at 850 μm (L1YSO 15). This source was not within the 450 μm field of view due to the noisy edge clipping discussed in Section 2. Note that all YSOs examined in this work have been previously observed; no new YSOs are found.
Source fluxes were extracted using the Starlink Gaia image display and analysis tool (Draper et al. 2009 ). Apertures were centred on the literature positions of sources. At 450 μm, apertures with a diameter of 20 arcsec were used for all sources. The total flux within the apertures was extracted and annuli, with inner radii at 1.5 times the aperture radius and outer radii at 2.0 times the aperture radius, were used to estimate a background flux that was then subtracted.
At 850 μm, 20 arcsec diameter apertures were used for most sources. For the binary of IK Lup/Sz 65 (L1YSO 3) and Sz 66 (L1YSO 4), which is unresolved in the SCUBA-2 map, as well as L1YSO 10, 30 arcsec diameter apertures were used instead. These sources visibly extend beyond a 20 arcsec aperture in the 850 μm map. As they are not separately resolved, flux values for each of the sources in the binary are detected as one combined value by SCUBA-2 (as well as AKARI, InfraRed Astronomical Satellite, IRAS, and Swedish-ESO Submillimetre Telescope, SEST). To plot SEDs for the L1YSO 3/4 binary, observed fluxes were divided according to the average ratio between IRAC and MIPS fluxes, as given in Table 3 . Since the SCUBA-2 detection itself was of Table 2 . SCUBA-2 450 and 850 µm fluxes for YSOs identified by Spitzer (Merín et al. 2008) , with additional IRAS sources (Beichman et al. 1988 the sources combined, however, the same single flux is given for both sources in Table 2 . The splitting of the fluxes assumes that both sources are equally evolved. This assumption is supported by the similarity between the values of the mid-infrared spectral indices (at −0.86 and −0.78) for each source (see Section 4.3), as well as the consistency between each individual flux ratio (2.8 ± 0.1).
A further exception to the 850 μm 20 arcsec aperture sizes is given by the bright source in the NW field (L1YSO 7). Though this protostar was detected by Spitzer (as SSTc2d_J154301.3-340915), it clearly does not share the compact characteristics of the rest of the sources in this region. Therefore, an aperture of diameter 80 arcsec was used for this source, with a background flux annulus between 120 and 160 arcsec. The emission from this protostar extends far outside a 20 arcsec aperture, so the use of such a small aperture would have produced an inaccurate flux measurement.
The JCMT beam itself extends out beyond 20 arcsec, so apertures of this size will not pick up all flux associated with an unresolved source. Therefore, fluxes were multiplied by aperture correction factors depending on the size of the aperture used. These factors can be found in table 3 of Dempsey et al. (2013) . This correction is done under the assumption that sources are point-like, so it would not be valid for an extended source (like L1YSO 7).
Photometry for all 15 sources, both detected and undetected, is given in Table 2 . Where fluxes from SCUBA-2 were not available, upper limits were instead used. To calculate an upper limit for the flux of a source, each was modelled as a spherically symmetric Gaussian distribution of flux, S(r) = S 0 e −r 2 /2α 2 , where α = FWHM/ √ 8ln2. The central peak flux values S 0 were set based on the noise levels in the map (σ = 0.05 mJy arcsec −2 for the NW field and 0.06 mJy arcsec −2 for the E and SW fields at 850 μm, σ = 1.7, 2.8 and 5.1 mJy arcsec −2 for the NW, E and SW fields, respectively, at 450 μm). The noise level at the position of L1YSO 15, due to its proximity to the edge of the map, was higher than elsewhere with a value of 0.12 mJy arcsec −2 at 850 μm. The FWHM of the Gaussian was set based on the size of the aperture used (20 arcsec in all cases where the source was not detected). To calculate the threshold for a 3σ detection, the peak value was specified to this level. Total flux values were then calculated as the integral under the Gaussian within the aperture, modified by the aperture correction factors.
Where fluxes for YSOs were available at both 450 and 850 μm, a consistency check between the fluxes at each wavelength (assuming a fixed temperature) was performed using the relation
where F denotes flux, ν denotes frequency and α = 2.8 is an appropriate spectral index for discs (Buckle et al. 2015) . For the three point-like sources detected at 450 μm (L1YSO 10, L1YSO 11 and L1YSO 14) , the flux at 450 μm was predicted according to equation (1) using the flux obtained at 850 μm. Flux values were found to be consistent within 2σ . In addition to the SCUBA-2 fluxes at 850 and 450 μm, flux measurements from the optical B band to the millimetre regime at 1300 μm were compiled to construct SEDs for all YSOs (within the field of view of SCUBA-2) where data are available.
Spitzer Space Telescope
The first additional data set used is that of the Spitzer observations used to set the positions of the YSOs. The observations carried out at 24, 70 and 160 μm with the MIPS (Rieke et al. 2004 ) are presented by Chapman et al. (2007) . Resolution at 24, 70, and 160 μm is approximately 6, 18 and 40 arcsec, respectively. Additionally, observations at 3.6, 4.5, 5.8 and 8.0 μm with the IRAC (Fazio et al. 2004) , and comparisons with the MIPS data, were carried out by Merín et al. (2008) . Resolution at 3.6, 4.5, 5.8 and 8.0 μm is 1.6, 1.6, 1.8 and 1.9 arcsec, respectively.
A total of 17 candidate YSOs were identified by Spitzer, 13 of which are within the SCUBA-2 field of view. The full catalogue of YSOs can be found in the online data of Merín et al. (2008) , with these data also being carried through to the compilation of Dunham et al. (2015) . The Spitzer sources within the field of view of the SCUBA-2 maps in this publication are listed in Table 3 . L1YSOs 3, 4, 11 and 12) . SPIRE fluxes at 250, 350 and 500 μm are of particular interest for this analysis. Fluxes at these wavelengths would help fill the sparse submillimetre regime of the SEDs. However the Herschel beam sizes, particularly at 500 μm, can be much larger than SCUBA-2s at 850 μm. Aperture sizes used in source photometry are also correspondingly larger (42 arcsec at 500 μm). These large apertures mean that there is significant contamination present in the Herschel fluxes from other structures near the YSOs. This effect is most pronounced for L1YSO 11, as the Herschel apertures encompass much of the structure identified as the cores L1S2s 3, 4 and 5 later in this paper. Hence, there is roughly an order of magnitude difference between the fluxes from Herschel at 500 μm and SCUBA-2 at 450 μm, respectively. This discrepancy means that a correction of the Herschel fluxes would be required for future analysis, when the complete census for all Herschel sources in Lupus I is published (Benedettini et al., in preparation) . Herschel fluxes are thus not used in this paper.
IRAS
Two additional sources were detected by the IRAS (IRAS; Neugebauer et al. 1984) . The first of these sources, IRAS 15422-3414, was detected by Spitzer (and hence fluxes were available for use in this paper) but was not presented in Merín et al. (2008) . The second, IRAS 15435-3421, was outside the Spitzer field of view. IRAS fluxes from the point source catalogue, at 12, 25, 60 and 100 μm (Beichman et al. 1988) were used for these sources and others where available. The effective resolution of these IRAS bands is between 2 and 5 arcmin.
AKARI
Data from the AKARI mid-infrared all-sky survey (Murakami et al. 2007 ) are used where possible. AKARI observed with the InfraRed Camera (IRC; Onaka et al. 2007 ) in 9 and 18 μm bands, with a resolution of approximately 9 arcsec and with the Far-Infrared Surveyor (FIS; Kawada et al. 2007) in four bands at 65, 90, 140 and 160 μm, with an effective resolution of between 0.6 and 0.9 arcmin. IRC fluxes for sources in Lupus I can be found in Ishihara et al. (2010) and FIS fluxes are from Yamamura et al. (2010) . Table 4 lists the nine sources for which AKARI fluxes are available, along with the relevant identifiers. Source positions often differ slightly from those given in the Spitzer catalogues. Therefore, sources were matched by ensuring the given positions differed by less than the given accuracy of 2 arcsec (Ishihara et al. 2010) and that flux values appeared consistent with other surveys.
WISE
Magnitudes obtained from the WISE All-Sky Survey (Wright et al. 2010) were used for all 15 sources. WISE mapped the whole sky in four infrared bands. These bands (W1, W2, W3 and W4) have effective wavelengths of 3.4, 4.6, 12 and 22 μm, respectively. The effective resolutions of these bands are 6.1, 6.4, 6.5 and 12 arcsec, respectively. The magnitudes for all objects, including those in Lupus I, are listed in the WISE All-Sky Data Release (Cutri et al. 2012) . WISE data were available across all bands for every one of these YSOs, further enhancing the level of sampling in the mid-infrared regime. Table 5 cross-matches all Spitzer sources, as well as the additional IRAS sources, with sources from the WISE All-Sky Data Release (Cutri et al. 2012) . Source positions are again not identical to those in the Spitzer catalogues, but they are usually well within the angular resolution of IRAC I (which has the highest diffractionlimited resolution value across both telescopes of 1.5 arcsec; Rieke et al. 2004 ). Noticeably, they do not match within 1.5 arcsec for the source IRAS 15398-3359. In Merín et al. (2008) , the J2000 position of the bright, extended protostar (15:43:02.2-34:09:09) appears to have been confused with that of a nearby much fainter compact object (15:43:01.3-34:09:15) . This object cannot be separately resolved from the protostar with e.g. SCUBA-2, but is visible in the IRAC 1 map. Table 4 . AKARI all-sky survey fluxes from Ishihara et al. (2010) and Yamamura et al. (2010) for YSOs within the SCUBA-2 field of view in Lupus I. 
Optical and near-infrared magnitudes
Optical and near-infrared magnitudes are also used in the production of the YSO SEDs. The Two Micron All-Sky Survey (2MASS; Skrutskie et al. 2006) (Baade et al. 1999) . Magnitudes in three bands (R c , I c and z wfi ) corresponding to 0.64, 0.79 and 0.96 μm, respectively, were obtained. B and V magnitudes used in this paper, corresponding to wavelengths centred around 0.44 and 0.55 μm, respectively, are taken from the Naval Observatory Merged Astrometric Dataset (NOMAD) catalogue (Zacharias et al. 2005) .
SEST
Fluxes at 1300 μm, observed with the SEST (Booth et al. 1989) , are taken from the independent observations of either Reipurth et al. (1993) or Nuernberger, Chini & Zinnecker (1997) when available.
The effective resolution at 1300 μm is approximately 23 arcsec.
Comparison between Spitzer and WISE fluxes
As the IRAC 1, 2 and MIPS 1 detectors of Spitzer match closely in wavelength with WISE bands 1, 2 and 4, respectively (Werner et al. 2004; Wright et al. 2010 ), a comparison between the fluxes of Spitzer and the magnitudes of WISE enables an investigation of the consistency between these two surveys. To compare fluxes properly, Spitzer fluxes from IRAC 1, IRAC 2, IRAC 4 and MIPS 1 first had to be converted to magnitudes using equation (2). Spitzer zero-point reference fluxes for IRAC 1, 2 and 4 are 280.9 ± 4.1, 179.7 ± 2.6 and 64.13 ± 0.94 Jy, respectively (Reach et al. 2005) . The zero-point flux for MIPS 1 is 7.17 ± 0.11 Jy (Rieke et al. 2008) .
Once Spitzer fluxes were converted to magnitudes, the values needed to be modified to take into account differences, including in effective wavelengths, between the Spitzer and WISE filters. By interpolating between Spitzer bands, and providing corrective magnitude shifts, Antoniucci et al. (2014) produce relations to calculate effective Spitzer magnitudes at 3.4, 4.6 and 22 μm, i.e. corresponding to the effective wavelengths of the WISE 1, 2 and 4 bands.
IRAC 1 and MIPS 1 fluxes were not available for L1YSO 7, so the Spitzer-WISE comparison could not be made. Additionally, L1YSO 15 could not be compared as it was not observed by Spitzer. Thus, only 13 sources had their magnitudes compared. Table 2 ) are presented here. Fits obtained using the models of Robitaille et al. (2006 Robitaille et al. ( , 2007 are plotted as green dashed lines. Additionally, single temperature modified blackbody fits (Section 4.5) for protostellar envelopes are plotted as solid pink lines. SCUBA-2 data are plotted as solid blue circles, to distinguish them from the previously available data plotted as red crosses. Data from the AKARI mission (Ishihara et al. 2010; Yamamura et al. 2010) , which were also not available for analysis by Merín et al. (2008) , are plotted as black squares. The blue diamonds represent WISE fluxes (Cutri et al. 2012) . Upper limits to fluxes are shown in the colours of their respective data sets. Values for the mid-infrared spectral index (a) are provided, and the slopes themselves are plotted as blue lines.
Effective Spitzer magnitudes for W1 and W2 for L1YSO 1 differ from the WISE magnitudes by approximately 6σ . Antoniucci et al. (2014) perform a search for candidate eruptive variable protostars based on there being at least a 5σ difference. This difference would be significant as Spitzer and WISE observations were undertaken during different epochs, and variable stars observed this way would be expected to show a difference in brightness. In order to perform the comparisons, however, Antoniucci et al. (2014) specify that a source must not be flagged as extended in the WISE catalogue (Cutri et al. 2012) . Since L1YSO 1 is flagged as extended, this analysis may not be valid for this YSO.
Another YSO, L1YSO 3, demonstrates a 5σ difference between magnitudes in the W4 band. Across the rest of the sources, average differences are much lower (less than 2σ ) and no other individual band has a difference approaching 5σ . Therefore, values appear to be more consistent between Spitzer and WISE for most point-like, more evolved sources.
Spectral energy distributions
SEDs have been produced for each of the 15 YSOs in Lupus I, including all available literature fluxes for each source. The collation of these data allows for the fitting of model SEDs to each YSO. Also enabled for each source are the calculations of a mid-infrared spectral index, bolometric luminosity and bolometric temperature. SEDs for all sources, using observed fluxes (i.e. not extinctioncorrected), are presented in Fig. 4 . In order to be plotted, data values originally given as magnitudes were converted to fluxes using the Pogson relation (Pogson 1856)
where F 1 is the desired flux to be derived from the observed magnitude m 1 . F 2 is the zero-magnitude reference flux for the particular band, and hence m 2 is, by definition, zero. Reference flux values used are given in Table 6 . Table 6 also includes the custom z band as defined in Comerón et al. (2009) .
Where values from previous surveys were not available, the wavelength was simply not included in the SED. Upper limits for all sources in the c2d paper were also plotted as listed in Merín et al. (2008) . For the two sources L1YSO 14 and L1YSO 15 that are not in the c2d paper, upper limits for IRAS fluxes are plotted as given in the IRAS point source catalogue (Beichman et al. 1988) .
Similarly to Herschel (Section 4.1.3), IRAS and AKARI also have large beam sizes, and hence aperture photometry will suffer contamination from nearby structure if present, as it is with L1YSO 11. In particular, this aperture contamination provides an explanation for the strange shape of the SED for this YSO (seen in Fig. 4) .
Where the beam at a certain wavelength large, it is also possible for multiple sources to fall within it. Therefore, certain fluxes may actually correspond to more than one YSO, resulting in a change in the shape of some SEDs. L1YSOs 3 and 4 are not resolved by SCUBA-2, while L1YSOs 9, 10 and 11 are in close proximity to each other, so their SEDs may be contaminated.
For L1YSO 7, MIPS 1 and MIPS 3 fluxes given in Merín et al. (2008) are inconsistent with all other fluxes from this source observed across multiple surveys. The MIPS 1 flux is almost two orders of magnitude greater than the MIPS 2 flux, while the MIPS 3 flux is over two orders of magnitude lower than the MIPS 2 flux. Hence, they have been excluded entirely from the SED analysis in this paper. The IRAS flux at 25 μm, the WISE magnitude at 22 μm, and the AKARI flux at 160 μm for this source mean that these areas of the spectrum are still reasonably well represented in the SED.
Spitzer data for the source L1YSO 14 is in fact available from the original YSO candidate catalogue. Though this source is still referred to by its IRAS name (and not by a preliminary Spitzer designation), these fluxes are used to help produce the SED for this YSO. These Spitzer fluxes appear to be consistent with those from IRAS and AKARI.
Spectral index
Once the data sets for each of the YSOs were collated, their evolutionary stages were estimated using the mid-infrared spectral index. First defined in Wilking, Lada & Young (1989) and expanded upon by Greene et al. (1994) , the spectral index a provides a measure of the 'slope' of the SED between 2.2 and 25 μm. The relation
was calculated for each source using a linear least-squares fit to all available data between 2.2 μm (K band) and 25 μm (IRAS 2). These values can be found in Table 7 . Values for a of >0.3 were used to classify a YSO as a Class I protostar and values of −0.3 ≥ a ≥ −1.6 resulted in a Class II classification, leaving values of 0.3 ≥ a ≥ −0.3 to indicate a Flat-spectrum YSO (hereafter referred to as Class F). These Class F sources represent the evolutionary transition between envelope-dominated Class I sources and disc-dominated Class II sources. Any YSO with an a value of ≤−1.6 was considered as Class III. Though not explicitly included in these calculations, a value of a significantly greater than 0 can be indicative of a Class 0 protostar (André, Ward-Thompson & Barsony 1993; Enoch et al. 2009 ). Spectral indices were calculated both for observed and extinctioncorrected flux values. Fluxes were corrected using the extinction law of Robitaille et al. (2007, see also references therein) . This extinction law was chosen to be consistent with the model fitting in Section 4.6.3. It does not differ substantially from the law of Weingartner & Draine (2001) used by Dunham et al. (2013) to calculate luminosities of Spitzer c2d-identified YSOs.
To perform these extinction corrections, a value for A v was required for each YSO. Values found from the model fitting in Section 4.6.3 were preferred when that source was 'well fit' by the models (values given in Table 11 ). Where a YSO was not 'well fit,' A v was assigned the same value as was used in Dunham et al. (2013) . In the case where neither of these options was possible, the value obtained from the best-fitting model (directly output from the SED fitter) to each YSO was used (Section 4.6.3, Table 10 ). A best-fitting model was always available, but was not necessarily a good fit to the data (i.e. well fitting).
Of the 15 sources, three are Class 0/I, two are Class F/II (borderline), one is class III and the remaining nine are Class II sources. SCUBA-2 detected 11 of the 15 YSOs within the field of view at 850 μm, with the spectral indices that determine that two are Class 0/I, one is Class F and eight are Class II. Non-detections were not confined to more evolved YSOs, as missing YSOs encompass all spectral classes.
Of the 13 sources present in both Merín et al. (2008) and this work, 11 have the same classification in both. Note that the source L1YSO 2 is classified as Class F/II in this paper, and yet as Class III by Merín et al. (2008) . New WISE data for L1YSO 2 have demonstrated increased emission at longer wavelengths (beyond 8 μm) and hence caused the source to be reclassified from Class III to an earlier type. Due to the lack of available longwavelength fluxes, however, the evolutionary stage of this lowluminosity object is not certain. Table 7 . Calculated values of both observed and extinction corrected bolometric temperatures and luminosities for YSOs in Lupus I, along with spectral index a values. Evolutionary Classes are specified, and values of extinction used in the corrections are provided. b The large IRAS 100 µm upper limit would have served to artificially lower T bol . Therefore, it was removed for these sources.
SSTc2d ID
These numbers are similar, both in ratio and overall quantity, to those seen in the Ophiuchus north region. That cloud is near theupper Scorpius region of the Sco-Cen OB association just as Lupus I is near upper Centaurus-Lupus. In Ophiuchus N, Hatchell et al. (2012) find three Class 0, one Class F, seven Class II and one Class III sources, giving a total of 12 YSO candidates in the region, as part of a Spitzer c2d survey. The fraction of Class 0/I sources in both of these regions is much greater than for Lupus III, which has five Class I sources and 56 that are Class II. Additionally, Lupus III has approximately the same number of Class III as Class II objects (Merín et al. 2008) . This difference suggests that Lupus I is a region with low-efficiency, ongoing star formation akin to Ophiuchus N, and in contrast to Lupus III (although the YSO sample sizes in Lupus I and Ophiuchus N are admittedly small).
The protostellar fraction for Lupus I (including Class 0, I and F) are also similar to those seen in the main Ophiuchus clouds, as well as Serpens (Dunham et al. 2015) , although the total number of YSOs in these clouds is much higher. However, including the four additional YSOs in Merín et al. (2008) (one Class F, one Class II, and two Class IIIs), compared to the entire Dunham et al. (2015) catalogue of YSOs in the Gould Belt, the fraction of Class 0/I sources is proportionally higher (16 per cent versus11 per cent) in Lupus I. The fraction of Class II sources is lower, and with three Class III sources, giving a percentage of 16 per cent (compared to 40 per cent in the whole Gould Belt), the proportion of these more evolved YSOs is much lower. The ambiguity of L1YSO 2 means that it is difficult to say whether the number of Class F sources in Lupus I is typical or not.
The higher number of Class 0/I sources in Lupus I, and lower number of Class III YSOs, suggest that Lupus I is young. The ratio of Class 0/I to Class III sources in the SCUBA-2 map of Lupus I is 1:1, compared to 0.275 in the Dunham et al. (2015) catalogue. The apparent recent trigger for star formation is consistent with the hypothesis of Gaczkowski et al. (2015) that expanding shells from the Sco-Cen OB association have recently shocked Lupus I into a star-forming event. The number of YSOs in Lupus I (19) is low, so caution should be exercised with this result.
L bol and T bol
The complete SEDs also allow us for calculations of a bolometric luminosity (L bol ) and bolometric temperature (T bol ) for each source. L bol is calculated by integrating flux S ν over frequency:
The bolometric temperature of a source is the temperature of a blackbody with the same flux-weighted mean frequency as the source SED (Myers & Ladd 1993) , defined as
where mean frequency ν is defined as
To calculate the integrals in equations (4) and (6), the trapezium rule was used to estimate the area under the SED, following Dunham et al. (2013) . The trapezium rule was only used within the range of the data points, with no extrapolation outside these areas. Table 7 lists L bol and T bol for each of the YSOs in this paper. Values are calculated both from the observed fluxes of these YSOs, using the extinction correction detailed in Section 4.3. Extinction values used are through the cloud, rather than within the individual sources. T bol can be used to estimate the evolutionary stage of a YSO (Enoch et al. 2009 ). Classifications for the 15 sources, based on T bol values, largely agree with those derived from spectral indices. Spectral index values do not distinguish between Class 0 and Class I sources, but T bol can. Therefore, T bol is used to classify L1YSO 7 as a Class 0 protostar, and this is the Class given in Table 7 .
10 of the YSOs in this paper are analysed by Dunham et al. (2015) ; L1YSOs 2, 7, 11, 14 and 15 were not. While it would at first appear that L1YSO 7 was analysed, the YSO at the relevant position has a very low luminosity, and a negative spectral index (−0.21). Therefore, it clearly does not correspond to the relatively bright Class 0 protostar, L1YSO 7. If there is indeed a smaller, more evolved source in close proximity to L1YSO 7, it may have provided a significant contribution towards the short-wavelength fluxes in the SED of this source.
Where the bolometric luminosities in this paper are not consistent with the Dunham et al. (2015) values, they are generally slightly higher. Similarly, the bolometric temperature values are often slightly lower. These differences are largely due to the inclusion of upper limits to fluxes in these calculations. For sources with several upper limits in the submillimetre regime, the true value will likely lie within the range between the calculations of this work and those of Dunham et al. (2015) .
Uncertainties in the calculations of L bol and T bol can be very large, potentially over 50 per cent if there is no available data from MIPS 3 or AKARI at 160 μm (Enoch et al. 2009 ). Furthermore, Dunham et al. (2013) show that sources lacking far-infrared and submillimetre detections will have L bol underestimated by an average of a factor of 2.5. Sources with such a gap in wavelength coverage include L1YSO 2 and L1YSO 15. Additionally, when upper limits are used, L bol may be calculated as being much higher than in reality, and T bol will be correspondingly too low. IRAS 100 μm upper limit values were not included in the calculations for L1YSOs 14 and 15 because the limits are very large and would have had an unacceptable effect on the derived values of L bol and T bol .
Using the criterion of Di Francesco et al. (2007) that internal luminosity L int < 0.1 L , embedded (i.e. Class 0/I and potentially Class F) sources with L bol below this value (where L bol = L int + L ext ) must be very low luminosity objects (VeLLOs; see also Dunham & Vorobyov 2012) . Two of the observed YSOs (2 and 9) are in this group, with another (L1YSO 5) at the border of the classification, having L bol = 0.11 L . L1YSOs 2 and 5 were among the four sources in total not detected by SCUBA-2 at either 450 or 850 μm (also including L1YSO 6 and L1YSO 13).
Protostellar sources may still be VeLLOs if L bol > 0.1 L when their luminosities are dominated by the external component. This situation may arise, for example, due to heating by the interstellar radiation field (Dunham et al. 2008) . Indeed, the high temperature derived in Section 4.5 (below) for L1YSO 1 indicates that it may also be a VeLLO. If so, then up to four Class 0, I and F YSOs in Lupus I would be VeLLOs, a much larger fraction than the 30 per cent found by Dunham et al. (2008) .
L1YSO 11 (HT Lup) is the most luminous YSO, with L bol = 12.4 L . This is consistent with the value of 14.49 Prato, Greene & Simon (2003) . Luminosities of the five YSOs (L1YSOs 3, 4, 11, 12 and 15) also analysed in Hughes et al. (1994) often differ between the two papers. The luminosity estimates of this paper should be more accurate, because they were made using a greater number of fluxes.
Opacity-modified blackbody SED envelope fitting
The main source of submillimetre emission for an early-type YSO (Class 0/I) is the dust envelope in which it is embedded (Adams, Lada & Shu 1987) , with envelope contribution also likely to be significant for Class F sources. The spectral index calculations in Section 4.3 suggest a total of five YSOs in Lupus I are either Class 0, I or F, with only three of these detected by SCUBA-2.
For these three sources, L1YSOs 1, 7 and 9, a modified blackbody fit for the YSO envelope (at long wavelengths) was performed. Such a fit allows estimates of the temperatures and masses of cold protostellar envelopes.
Single temperature modified blackbody SEDs for each of the sources were produced by iterating over a grid of possible temperatures and masses. Each model was produced using the following relation:
M/d 2 is treated as a scaling factor (N), with M corresponding to envelope mass and d being the distance to Lupus I (182 pc). B ν (T, ν) is the Planck function with temperature T, and κ ν is the opacity. Model 5 (thin ice mantles, gas density of 10 6 cm −3 ) from Ossenkopf & Henning (1994) was used to provide opacity values via linear interpolation. For each YSO, B ν (T, ν), κ ν , and consequently model flux, were evaluated at every wavelength corresponding to a data point longward of 60 μm. Where only upper limits to the flux were available, the data point was ignored for the purpose of fitting.
A probability was then calculated for each modified blackbody model. To calculate a likelihood for each model, χ 2 was evaluated based on each data point and corresponding model flux. These likelihoods were then combined with simple priors on temperature and mass to produce final probability values.
The prior on mass was the same for all YSOs. Probability was zero outside the interval of 1 × 10 −4 -50 M . Within this interval, P(log(M)) was set to be flat, meaning that lower masses would be favoured over higher ones.
For L1YSOs 1 and 9, the temperature prior was set to be flat within the interval of 1-50 K, meaning that any temperatures within this range were considered to be equally probable.
A temperature for L1YSO 7 was calculated from the ratio of SCUBA-2 fluxes, assuming a full, opacity-modified Planck function (Reid & Wilson 2005 ) and a constant dust opacity spectral index, β = 1.8 (Hatchell et al. 2013) . Following the method of Aniano et al. (2011 ), Pattle et al. (2015 and Rumble et al. (2016) , a model beam convolution kernel was used to produce a map of dust temperature for the Class 0 protostar L1YSO 7. A mean dust temperature for L1YSO 7 was calculated to be 17 ± 2 K. This mean dust temperature was then used to provide a temperature prior for the model fitting, with probability (within the same temperature interval as the other YSOs) described by a Gaussian distribution. This function was centred at a temperature of 17 K, with a FWHM of 2 K.
Once probabilities were calculated for every model in the grid, mass and temperature were separately marginalized out to produce 1D probability distributions for temperature and mass, respectively. Final temperature and mass values are taken to be the most probable values (following the marginalisation), with uncertainties given as 95 per cent (2σ ) confidence intervals. These values can be found in Table 8 . Within the specified confidence limits, temperature and mass values are anticorrelated. The modified blackbody-derived temperature for L1YSO 7 of 19.2 +0.6 −0.3 K is consistent with the value of 17 ± 2 K obtained from the dust temperature map. Modified blackbody SEDs corresponding to the most probable temperatures and masses for each YSO are plotted with the relevant SEDs in Fig. 4 .
The envelope temperatures derived here, especially for L1YSO 1, are warmer (between ∼19 and 29 K) than might normally be expected. For example, Kirk, Johnstone & Di Francesco (2006) find that most submillimetre cores in the Perseus molecular cloud are fit by Bonner-Ebert spheres with temperatures between 10 and 19 K. In addition, Rumble et al. (2015) calculate a mean temperature of ∼15 K for YSOs in the Serpens MWC 297 region, also consistent with observations of the W40 complex (Rumble et al. 2016 ). These higher temperatures, particularly for L1YSO 1, could be caused by the influence of the nearby Sco-Cen OB association, although Pattle et al. (2015) do not find such high temperatures in the nearby region of Ophiuchus. Gaczkowski et al. (2015) argue that Lupus I is affected by the interaction between an H I shell from upper Scorpius (de Geus 1992) and a wind bubble from upper Centaurus-Lupus. Such an interaction would have the potential to send shocks through the Lupus I molecular cloud.
The modified blackbody SED peak for L1YSO 1 lies at a shorter wavelength than seen with L1YSO 7, and this has led to the greater envelope temperature calculated by the fitting process. Further submillimetre data points (e.g. from Herschel) would clarify whether this 'early' peak is real. Similarly, L1YSO 9 has only two data points in the wavelength regime of the modified blackbody fitting process. Without more data points to fit, there is an increased range of temperatures and masses that produce a good fit to the data. Any future submillimetre observations of this YSO would improve the constraints provided by this fitting process.
At just a few Jupiter masses, the envelopes for L1YSOs 1 and 9 are not large. Given that L1YSO 9 is a Class F source, it would be expected that much of the protostellar envelope has already been accreted and/or dispersed. Therefore, a low envelope mass for this YSO is not surprising. It is possible that what is being seen here as an 'envelope' is actually partially or even wholly a circumstellar disc. The modified blackbody fits here are not able to distinguish between the two, but the models in Section 4.6.3 (below) are. The low envelope mass of L1YSO 1 is consistent with detection only being at a SNR of 2 at 850 μm, as a weak detection indicates a low amount of emitting dust particles. The mass for this YSO envelope is far below the brown dwarf limit, and may even be low enough for a sub-brown dwarf to be forming.
The envelope for L1YSO 7 is much more massive, at 0.35 ± 0.06 M . At a typical core to star efficiency of up to 40 per cent (André et al. 2010) , this envelope mass suggests that this protostar may go on to form a low-mass star with a mass of approximately 0.15 M , or perhaps a multiple system with this total mass. Kristensen et al. (2012) used radiative transfer modelling in combination with observed submillimetre fluxes to find a mass for L1YSO 7 of 0.5 M , consistent well within a factor of 2.
Submillimetre YSO properties
Protostellar envelopes
For the three sources that had modified blackbody fits performed, the masses as estimated from fitting (listed in Table 8 ) were preferred to those calculated from a single submillimetre flux. Therefore, these are the masses provided in Table 9 . For the remaining two Class I/F YSOs (2 and 5), which were not detected by SCUBA-2, an upper limit to mass was calculated based on the upper limit to the flux at 850 μm (Table 3 ) using the relation
adapted from Hildebrand (1983) . Here, S 850 µm is the total flux density at 850 μm, d is the distance to Lupus I (182 +7 −6 pc) and B ν(850 µm) (T) is the Planck function. κ ν(850 µm) is the dust opacity at 850 μm of 0.012 cm 2 g −1 , consistent with both model 5 from Ossenkopf & Henning (1994) and the relation of Beckwith et al. (1990) (κ ν = 0.1(ν/10 12 Hz) β cm 2 g −1 ) when dust spectral index β = 2.0. Note that a decrease in the value of β would lead to smaller masses being calculated.
To calculate the value of the Planck function, a temperature of 15 ± 2 K, consistent with the YSO temperatures from Rumble et al. (2015) , was assigned. Note that the assumption of larger temperatures leads to the determination of smaller masses and viceversa. The calculated envelope mass limits for L1YSOs 2 and 5 are given in Table 9 .
While the masses given in Table 9 for L1YSOs 1, 7 and 9 were estimated using modified blackbody fitting, the submillimetre (850 μm only) masses were also calculated. The same assumptions, given previously, were used as with the upper limits for L1YSOs 2 and 5. These values are provided, in parentheses, next to the modified blackbody-derived masses in Table 9 . The 850 μm masses are larger than the modified blackbody masses, largely because the temperature assumed (15 K) is lower than found by the fitting.
Disc sources
Typically, circumstellar discs will begin to be the main source of submillimetre continuum emission from YSOs once they reach later stages of evolution and become spectral Class II or Class III objects (Wilking et al. 1989) . As previously mentioned, Class F YSOs are also likely to have a significant contribution to their submillimetre emission coming from a circumstellar disc. Spectral index values classify 12 YSOs in Lupus I as either Class F, II or III; nine of these disc sources are detected by SCUBA-2. Of these nine sources, there are eight distinct detections; the L1YSO 3/4 binary is unresolved by SCUBA-2.
The flux values obtained from the 850 μm data, given in Table 3 , were used to calculate submillimetre continuum disc masses for these sources using equation (8) . In this case, T is assumed to be 20 K, in line with the work of Buckle et al. (2015) on the calculation of disc masses. The envelope temperatures calculated in Section 4.5 suggest that this dust disc temperature assumption may be too low, however. In general, more compact sources such as discs will be warmer than pre-stellar cores and protostars. Nevertheless, with the absence of hard evidence of higher disc temperatures, the standard value of T = 20 K was maintained. Should the temperature of these discs be higher in reality, this would lead to a reduction in the calculated disc masses. Moreover, disc temperature values will vary radially within the disc (e.g. Andrews & Williams 2005) . Thus, disc masses calculated assuming a uniform temperature distribution should be treated as estimates.
Opacity is this time calculated assuming a β value of 1.0 to account for more evolved dust around these YSOs (Beckwith & Sargent 1991) . The evolution of dust from diffuse ISM to protostellar discs can alter grain properties. As β is an optical property of dust grains, it can be expected to decrease with increasing grain growth (see Chen et al. 2016 and references therein). The effect of this change is a reduction in the calculated dust mass for compact sources as compared to more extended envelope structure. The calculated disc masses are listed in Table 9 . When a source was not detected, an upper limit to the mass was instead calculated, based on the flux upper limits given in Table 2 .
The distance used in this paper of 182 +7 −6 pc is larger than some previous estimates of distance to the region (e.g. 155 ± 8 pc; Lombardi et al. 2008) . Masses derived using a distance of 182 pc will be approximately 1.4 times greater than if a distance of 155 pc had been used.
Overall, the mean disc mass for the nine Class F and II YSOs detected by SCUBA-2 (the only Class III is not detected) is 5.9 × 10 −3 M , with values ranging over 1 -17 × 10 −3 M . This is within a factor of 2 of the value of 4.5 × 10 −3 M found by Buckle et al. (2015) in L 1495.
The source L1YSO 11 (with a disc mass of 17 ± 6 × 10 −3 M ) has a disc mass greater than the minimum mass Solar nebula (MMSN). This disc mass is consistent with the value of 15.5 × 10 −3 . derived from 1300 μm flux by Nuernberger et al. (1997) . This YSO is also the most luminous of the sample, with a bolometric luminosity of 12.4 L ( Table 7) . This star is the Herbig Ae/Be star HT Lup (e.g. Kukarkin et al. 1971; Cutri et al. 2003) and demonstrates that one of the most massive and luminous stars in this low-mass region also has a potentially planet-forming disc of comparable mass to that of the young Solar system. This single detection of a MMSN disc in Lupus I is consistent with the L1495 region of Taurus observed by Buckle et al. (2015) . There, 20 YSOs were detected by SCUBA-2, and of these, two have disc masses (at T = 20 K) greater than the MMSN.
Additionally, L1YSO 15 has a disc mass of 12 ± 2 × 10 −3 M . This matches the 1300 μm value of 12.2 × 10 −3 M from Nuernberger et al. (1997) and means that this YSO also has a disc with a mass of approximately the MMSN. The binary of L1YSOs 3 and 4 is found to have a total disc mass of 7.5 ± 0.8 × 10 −3 M , similar to the value of 6.4 × 10 −3 M found by Nuernberger et al. (1997) . This disc mass should be taken as an estimate for the combined disc mass of the system, acting as an upper bound for each individual YSO. As with its envelope mass in Section 4.6.1, the disc mass for the Flat-spectrum L1YSO 9 should be treated as upper limit. This YSO could be either a true protostar, or a disc obscured behind other extended material.
Following Buckle et al. (2015) , disc masses were calculated from fluxes extracted at the literature positions of YSOs. Therefore, it is possible for smaller scale cloud structure to be misidentified as disc emission at known YSO locations. Positive emission is found near the position of L1YSO 8, but away from any YSO or core structure identified by SCUBA-2. Additionally, there is no obvious visual sign of a disc at this position in the SCUBA-2 maps. This means that the possibility of cloud structure contaminating disc signal for L1YSO 8 cannot be discounted. The detection of L1YSO 12 appears consistent with being faint disc emission, but again the potential contribution of ambient cloud signal is not entirely ruled out. It should be remembered, however, that the aperture photometry at these positions included a background subtraction (using an annulus) with the express purpose of removing ambient signal from the detection.
Model SEDs
Robitaille et al. (2006) presented a grid of over 200 000 model
SEDs computed via radiative transfer, which cover a wide range of disc and envelope masses as well as stages of evolution. A PYTHON fitting tool, 1 outlined in Robitaille et al. (2007) , was used to fit models from the grid to the SED of each of the Spitzer-identified YSOs. The disc and envelope masses of well-fitting models were compared to those derived from the SCUBA-2 data (presented in Table 9 ), and constraints on interstellar extinction values for each YSO were sought. Furthermore, the fitting process revealed 'gaps' in the model grid, by finding SEDs which were not well fit by any models.
These models have been widely used to fit data in the mid-infrared regime (e.g. Simpson et al. 2012; Azimlu, Martínez-Galarza & Muench 2015) but fits involving submillimetre data have tended to focus on more distant, massive YSOs (e.g. Mottram et al. 2011; Faimali et al. 2012) . Buckle et al. (2015) fit these models to data including SCUBA-2 fluxes but this is only performed on two YSOs. Moreover, for one of the YSOs, the model is a poor fit in the region of the SCUBA-2 data.
Convolved model fluxes were produced for each wavelength filter for which observed data were available. Many of these model fluxes were already available within the fitting tool, including Spitzer, 2MASS and IRAS. However, model fluxes had to be computed for the WISE, AKARI and SCUBA-2 filters. WISE filter profiles (Wright et al. 2010 ) are available online, 2 with wavelength and relative system response (RSR) provided. AKARI IRC filter profiles are shown in Onaka et al. (2007) , with FIS profiles given in Kawada Table 10 . Spitzer-identified YSOs, along with the additional IRAS sources, and their corresponding best-fitting models (Robitaille et al. 2006 (Robitaille et al. , 2007 . Where possible, a best-fitting model is one that passed all tests and has the lowest χ 2 value. Where no models for a particular YSO passed all tests, the best-fitting models from χ 2 only are given. Values are given for the masses (from these models) of the YSO discs and envelopes. et al. (2007); RSRs for all filters are also available online. 3 SCUBA-2 filter profiles were available from the JCMT staff. It should be noted that in order to produce convolved flux files with the fitting tool, wavelengths in the input files must be in ascending order. This is not specified in the SED fitter documentation.
Data values, including uncertainties, were read in as fluxes, magnitudes or limits. Where a limit was used a confidence interval was specified, which for the fitting of these models was set to 3σ (99.7 per cent).
Extinction was also included in the fitting process, with a range of 0 ≤ A v ≤ 7.39. This range was chosen based on possible extinction values of up to the maximum value for Lupus I given in Cambrésy (1999) . The range of possible distances was 182 +7 −6 pc, consistent with the other analyses in this paper.
A selection of best-fitting models was initially found by minimizing χ 2 . For each YSO, every model with a χ 2 per point value of less than 100 was initially selected. If no model fulfilled this criterion, then the overall best-fitting model for the YSO was still chosen, though parameters were not considered reliable. The bestfitting model SEDs for each source, according to the least-squares fitting process, are shown overplotted on the SEDs in Fig. 4 . The exact model numbers for each source can be found in Table 10 .
Once a selection of models satisfying the χ 2 criterion was obtained, further statistical tests were run on them to exclude models that were not good fits, despite their (relatively) low χ 2 value. First, a Kolmogorov-Smirnov test was run on the residuals between the data and model fluxes at each filter's central wavelength. Convolved filter fluxes for each model were interpolated to correspond to the correct wavelength, and had distance and extinction corrections applied according to the values found in the fitting procedure. Residuals were fractional, with R λ = (S data − S model )/S model . These fractional residuals were then normalized as R λ /R rms , where R rms is the rms of all residual values. The distribution of normalized residuals was tested against a normal distribution with a mean of 0 and standard deviation of 1. For a model to be a good fit, any deviations between it and the data should be due to random fluctuations. Therefore, a failure to be consistent with a normal distribution is a mark of a poor fit. Consequently, a model was rejected if the distribution of normalized residuals failed a K-S test at the 10 per cent level.
An example of the utility of this test can be seen in the 'bestfitting' model of L1YSO 8, seen in Fig. 4 . The χ 2 per point value for this model's fit to the data is low, so it is not rejected initially. However, the model is substantially underestimating flux in the submillimetre regime (by more than an order of magnitude compared to the data at 850 μm). The strength of this deviation means that the model fluxes are very unlikely to have come from the same distribution as the data, therefore the K-S test enables this model, and others like it, to be rejected.
The second test was a Wald-Wolfowitz runs test. This tests explores whether a model can be rejected due to having too many model points above or below the data in sequence (a run). If a model is a good fit, the scatter of data points above and below the model values should be random. A very low number of runs is inconsistent with random scatter, and indicates that a model is not a good fit. Specifically, a model was considered to have failed the runs test if there was less than a 10 per cent chance of the observed number of runs being consistent with being drawn from a normal distribution about the expected number of runs.
After running these tests, a final set of well-fitting models was available for analysis (shown in Table 11 ). Overall, seven YSOs have at least one well-fitting model, and the remaining eight do not. Of the YSOs fit by well-fitting models, L1YSOs 1 and 11 are only well fit by one model. The remaining five YSOs (9, 10, 12, 13 and 15) are fit by more than one model, with L1YSO 10 fit by 276 models in total.
For YSOs with multiple well-fitting models, constraints on disc mass, envelope mass and extinction were sought. Extinction was constrained for all five of these YSOs, with the lowest extinction being found for L1YSO 15 (A v = 0.8 ± 0.1). Values for the other six YSOs, also detailed in Table 11 , range between A v = 2.3 and 5.7. Uncertainties in A v , given in Table 11 , are the standard deviation of extinction values from the mean for all well-fitting models. Uncertainties are only given when standard deviations are less than the mean value. The lower extinction for L1YSO 15 coincides with the relatively off-cloud location of this source; the other four YSOs lie on areas of extended emission visible on the 850 μm map.
Extinction values for the four well-fitting Class II sources (L1YSOs 10, 11, 12, and 13) are also provided by Merín et al. (2008) . The extinction values derived from the model fitting are consistent with these values for YSOs 11, 12 and 13. The value calculated for L1YSO 10 is higher than that derived from the model fitting, at A v = 10.0. However, the model fitting did not produce a higher extinction value for L1YSO 10 even when values of up to A v = 10.0 were allowed.
Disc and envelope masses for the well-fitting models are also given in Table 11 . Disc masses are constrained for L1YSOs 13 and 15, with values of 2.21 ± 0.97 and 9.56 ± 1.36 M Jup , respectively. Both of these YSOs are only well fit by two models, whereas L1YSOs 9, 10 and 12 have many more corresponding fits. The groups of models for these three YSOs gives disc mass ranges of <0. 01-45, 0.01-70 and 0.36-33 × 10 −3 M , respectively. Some disc masses are consistent with those calculated from the 850 μm data in Section 4.6.2, while others are not. Two Class II YSOs (13 and 15) do have constrained mass ranges from models. For L1YSO 13, the mean model disc mass is too large to be consistent with the model being a non-detection at 850 μm. For L1YSO 15, the range of 9.6 ± 1.4 × 10 −3 M is consistent with the value of 12 ± 2 × 10 −3 M derived from the SCUBA-2 data. Envelope mass constraints for the Class II L1YSOs 13 and 15 indicate that if there is any envelope left, it should be very small ( 1 Jupiter mass). For L1YSOs 9 (Class F), 10 (Class II) and 12 (Class II), there is again a spread of possible values from models, with envelope masses ranging between <0.01-0.14, <0.01-0.41 and <0.01 M , respectively. YSO 9 is classified as Class F, and could therefore still have a significant protostellar envelope. However, L1YSO 10 (Class II) apparently has the largest model envelope mass. This result suggests that while there are many well-fitting models for L1YSO 10, the fitting process is still unable to constrain the origin of fluxes in the submillimetre wavelength regime. It is unsurprising that uncertainties are large for these remnant envelopes, as they fall around or below the SCUBA-2 mass sensitivity limit of approximately 3.7 × 10 −3 M at 182 pc .
A lack of constraint across both disc and envelope masses demonstrates that even for a single source, there can be significant variations in the properties of models that provide a 'good' fit to the data. It is therefore very difficult to derive reliable dust mass estimates from this SED fitting method alone. Spatial information on specific sources could help rule out some models. For example, a YSO observed as being a point source in Lupus I (at 182 pc) is unlikely to have a massive circumstellar envelope.
Furthermore, the envelope geometry of the models in the grid is dominated by free-fall rotational collapse. The resulting envelope structure may be less applicable to the outer regions of envelopes, where turbulence, magnetism and other conditions may be more important and which would be expected to show strong emission in the submillimetre regime. Also, the envelope models could be missing the colder, outer regions because of the way the outer radius is defined. In the models, the outer envelope radius can be at an absolute maximum four times the radius at which the optically thin radiative equilibrium temperature falls to 30 K. Often, however, it will be substantially less than this, being sampled from within the range of 4R 0 -R 0 /4.
Although the model grid contains over 20 000 modelled YSOs (each at 10 inclinations), the observed SEDs for some sources are not realized in the grid. All but one model in the fitting of L1YSO 2 was unable to fit the data at all, suggesting gaps in the available models at this low-mass, low-luminosity extreme. Additionally, no model was able to fit the shorter wavelength fluxes of L1YSO 8, while still having a massive enough disc to produce the signal observed by SCUBA-2 at 850 μm. Such discrepancies are not exclusive to these two YSOs; rather, they provide effective examples.
A lack of models consistent with the SEDs of certain YSOs could also be caused by contamination in some of the larger beam fluxes (e.g. IRAS). In such a case, fluxes could contain signal not corresponding to the specific YSO in question. This would move the shape of the SED away from that of an isolated YSO, and therefore away from the SEDs in the model grid.
It is possible that L1YSO 8 is being fit very well. As mentioned in Section 4.6.2, 850 μm flux for L1YSO 8 may be being confused with or contaminated by ambient cloud emission. This would have the effect of increasing the submillimetre signal beyond that truly emitted by the underlying YSO.
Among the simply 'best-fitting' models for the YSOs, disc masses from the models are usually higher than those from single temperature fits. The models are able to characterize discs at multiple temperatures, which allows mass to be added at higher temperatures without significantly affecting the emission seen at 850 μm. It is also possible that variations in the dust model chosen (the SED models use a combination of Kim, Martin & Hendry 1994 and Whitney et al. 2003 ) and the value of the opacity spectral index β have caused these discrepancies.
The exception to this is L1YSO 8. As previously discussed, the model fitting underestimates flux at long wavelengths for this source, leading to a corresponding decrease in dust mass. However, it should be noted that attempts to derive YSO dust masses from individual models are not the intended use of the SED fitter. In addition, the models were primarily created to constrain shorter wavelength data, with a reduced capacity to fit to submillimetre data.
The envelope mass of the best-fitting model to L1YSO 7 of 0.74 M (as given in Table 10 ) is greater than the value of 0.35 ± 0.06 M calculated from the modified blackbody SED fitting, but is still consistent within a factor of 2. L1YSO 9 was well fit by more than one model, with a mean envelope mass across all well-fitting models (Table 11 ) of 4.8 × 10 −3 M . Though this appears to be consistent with the 850 μm mass, the model envelope masses were spread over several orders or magnitude, so the mean is not a well-constrained quantity.
The envelope mass of the single well-fitting model for L1YSO 1 is, at 30 × 10 −3 M , too large to be consistent with the modified blackbody SED mass. The temperature of this source derived from the modified blackbody fitting is high (∼29 K, Table 8 ). A decrease in this temperature (possible if e.g. the AKARI fluxes are unreliable) could increase the calculated mass value by enough to allow for consistency with the well-fitting model. Additionally, the main constraint on the envelope masses for L1YSO 1 is the SCUBA-2 850 μm flux, which is close to the detection limit and hence has correspondingly high uncertainties. Forbrich et al. (2010) use the Robitaille et al. (2006) models to constrain protostellar evolutionary stages in the NGC 2264 and IC 348 clusters. Sources able to be fit by models with an envelope mass of less than 10 −3 M are considered to be Class II sources, rather than protostellar. Looking at the best-fitting models for the Lupus I YSOs in Table 10 , the envelope mass of L1YSO 9 (0.42 × 10 −3 M ) lies below this threshold. However, there is a degeneracy between models which fit the SED. The average mass across all well-fitting models for this YSO is large enough for this source to be considered protostellar. Moreover, an envelope mass of 0.084 M is predicted for the Class II source L1YSO 11. This may be an effect of the aperture contamination from nearby extended emission discussed in Section 4.2. All envelope sources are small enough that they will not be affected by spatial filtering in the SCUBA-2 data reduction, as none are larger than 2.5 arcmin.
Star formation rate
A previous estimate of the star formation rate (SFR) in Lupus I was 3.25 ± 1.8 M Myr −1 (Heiderman et al. 2010 ). This SFR has been updated based on a revised YSO count and recent mass and lifetime estimates. For example, Gaczkowski et al. (2015) derive masses specifically for B228 (the main filamentary ridge of Lupus I) from Planck, Herschel and Large APEX Bolometer Camera (LABOCA; Siringo et al. 2009 ) observations of ∼170 M . This mass is modified to 250 ± 20 M due to the assumed distance in this work of 182 pc. Galli et al. (2015) find an average disc lifetime in Lupus (specifically for Classical T-Tauri Stars, CTTS, before they transition to Weak-line T- Tauri A total of 11 Spitzer YSOs lie within the LABOCA field of view (B228). Adding L1YSOs 14 and 15 to this number means that there are a total of 13 known YSOs on the ridge. Of these YSOs, 11 are Class II (CTTS) or Class F. Therefore, the SFR for B228, using these updated quantities, is 2.6 ± 0.6 M Myr −1 . Compared to the SFRs in Heiderman et al. (2010) , this represents a lower SFR than is seen in Lupus III, V and VI, but it is similar to the SFR of Lupus IV. Chamaeleon I is similarly massive to Lupus I, but has a higher SFR (22.2 ± 12 M Myr −1 ). More massive regions, such as Ophiuchus (72.5 ± 39 M Myr −1 ) and Perseus (96.2 ± 52 M Myr −1 ), have much higher SFRs. However, Chamaeleon III, which is more massive than Lupus I, has a lower SFR of 1.00 ± 0.54 M Myr −1 . Overall, this indicates that while the SFR of Lupus I is fairly low compared to other Gould Belt clouds, it is not low enough so as to be unusual.
Using the age of the oldest YSO in B228 for which an age has been calculated (3.16 ± 1.09 × 10 6 yr for L1YSO 15; Hughes et al. 1994) as an approximator of cloud lifetime, this then gives a star formation efficiency of 3.3 ± 1.4 per cent. Note that this is the efficiency of the main ridge of Lupus I, and not the entire cloud.
CORES
So far, this work has focused on the YSOs of Lupus I. The extended submillimetre structures in the cloud, including starless, pre-stellar and protostellar cores, are examined in the following analyses.
Identification and masses
Core extraction
The Starlink CUPID package ) allows us for the identification of extended cores in SCUBA-2 dust continuum emission maps. In order to identify the bounds of extended objects within the Lupus I map, the FellWalker algorithm (Berry 2015) was used. This method treats cores as individual areas of emission that share a common significant peak. For a separate core to be identified, it must contain emission at a minimum specified value that can act as the peak. The FellWalker algorithm has been used previously by Rumble et al. (2015) for the identification and characterization of cores in the Serpens MWC 297 region, and Kirk et al. (2016) 
FellWalker is a gradient-tracing algorithm; it proceeds iteratively from a low value in the map up to a peak data value. For the identification of cores in the 850 μm map of Lupus I, the low value was specified to be a pixel (9 arcsec 2 ) at a level of at least 0.12 mJy arcsec −2 (2σ rms in the E and SW field and 2.4σ in the NW field). Peaks had to have a minimum value of 0.3 mJy arcsec −2 (i.e. a 5σ detection in the SW and E fields and 6σ in the NW field) for them to be considered as the central point of a core. Any emission at a level lower than 0.12 mJy arcsec −2 was not considered as part of a core and was ignored.
Additionally, for pixels to be considered as part of a core, it was specified that they must be within 4 pixels of a pixel already included in a core-like structure. To avoid noisy pixels and prevent undesired levels of fragmentation, a minimum core size of 15 pixels was enforced, corresponding to a size of 135 arcsec 2 . Overall, the non-default parameters used were: 'MaxJump = 4', 'MinDip = 0.12', 'Minheight = 0.3', 'MinPix = 15', 'FwhmBeam = 2' and 'MaxBad = 0.5'.
All pixels considered as part of the same core were assigned the same index value within a data mask, starting at one for the first area identified by the algorithm. Candidates located in the PONG edge regions of the map, where local noise is higher than the global noise used in FellWalker, were rejected by visual inspection. This strategy left a total of 14 separate objects corresponding to true signal. Some of these, identified in relative isolation, are disc detections corresponding with the aperture photometry measurements already taken. Therefore, two objects were excluded on the basis that they had already been identified, characterized and analysed as disc-like sources (the unresolved binary of L1YSOs 3 and 4, and L1YSO 15). Both are isolated point sources, with no extended structure evident.
To extract flux for the 12 identified cores at 450 μm, the core boundaries calculated for the 850 μm map were transposed over to the 450 μm map, and the flux within the boundaries of each identified core was measured. The position of the peak at 850 μm was used as the sky position of the core. The total flux of the core was then the sum of the flux at each pixel marked as part of the core footprint. Uncertainties were calculated assuming an error of 1 σ rms per pixel. Consistency between the 450 and 850 μm fluxes (see Table 13 ) was checked using the relation
where the temperatures used are detailed in Section 5.1.2, and can be found in Table 12 . All fluxes were found to be consistent (within uncertainties), provided that the cores L1S2 3, L1S2 4 and L1S2 5 are treated as a single agglomeration. The 12 cores are presented in Table 13 , with Fig. 5 showing the positions of each of these sources. 3σ upper limits for L1S2 11 and L1S2 12 were calculated at 450 μm using the same method used for point sources in Section 4.1.1. Sources were treated as Gaussian distributions of flux, with a peak emission at 5σ . The FWHM assumed for each core was set to twice the core radius. Core radii were calculated from the number of pixels comprising the core area, and were not deconvolved.
The assumption of cores as spherical (in order to calculate radii and volumes) provides consistency with the work of Rumble et al. (2015) , which also used FellWalker. Cores can, however, be elongated rather than spherical (seen with L1S2 2 and L1S2 Table 12 . Correspondences between cores identified by SCUBA-2 (this work) and LABOCA (Gaczkowski et al. 2015) . The 870 µm masses are provided, as well as the temperatures used in calculating core masses from SCUBA-2 fluxes (discussion in the text). 
L1S2 1 J154301.6-340909 24 400 ± 200 4176 ± 9 1.69 ± 0.40 45 1.0 ± 0.2 1.7 ± 0.6 4.3 ± 0.6 2.6 ± 0.7 L1S2 2 J154500.6-341718 23 800 ± 300 5302 ± 9 2.99 ± 0.85 61 1.1 ± 0.3 2.7 ± 1. 
Notes.
Uncertainties from flux calibration, not included in the table, are 4.84 per cent and 13.6 per cent at 850 and 450 µm, respectively (Dempsey et al. 2013) . Core radii are not deconvolved. a Although not quantified, volumes being treated as spherical will lead to additional uncertainties in the Jeans mass.
Figure 5. Protostars and pre-stellar cores (see Table 13 ) identified from the SCUBA-2 850 µm map of Lupus I using FellWalker (Berry 2015) . Black contours show the edge of the SCUBA-2 coverage. 7). In this case, the effective radius of a core will be a lower limit if the third dimension is elongated, and an upper limit if the third dimension is shortened.
Core masses
The submillimetre continuum derived masses for these cores were calculated using equation (8) and the extracted submillimetre flux at 850 μm. The same value for the dust opacity of 0.012 cm 2 g −1 was used for these cores as was used for the protostellar envelope calculations in Section 4.6.1. This is again consistent with both model 5 of Ossenkopf & Henning (1994) and the relation of Beckwith et al. (1990) when β = 2.0.
The observations of Gaczkowski et al. (2015) identified a total of 15 pre-stellar, protostellar and starless cores, in the main ridge of Lupus I, with LABOCA. They also derive temperatures for each of these cores by using Herschel SPIRE (Griffin et al. 2010) observations to create temperature maps. The correspondence between SCUBA-2 and LABOCA cores is shown in Table 12 .
Where there is a match in position between LABOCA and SCUBA-2 cores, these derived temperatures are used in equation (8) in order to calculate the value of the Planck function. In the cases where a SCUBA-2 core corresponds to multiple LABOCA cores, the temperature used is the mean value across all relevant LABOCA cores. Moreover, where a SCUBA-2 core has no corresponding LABOCA object, the mean temperature value across all LABOCA cores (within the SCUBA-2 field of view) of 14 ± 3 K is used as an estimate.
The core L1S2 1 corresponds to the YSO L1YSO 7. Therefore, two temperatures were available to use for this source (from Herschel and SCUBA-2 in Section 4.5). The SCUBA-2-derived temperature value applies to a smaller scale (i.e. has better resolution) than the Herschel temperature, because the longest wavelength SCUBA-2 resolution is superior to the longest wavelength Herschel resolution. The identified FellWalker core has a higher flux value than was extracted for L1YSO 7 from aperture photometry as it covers a wider area of extended emission. Therefore, the temperature used to calculate the mass for L1S2 1 is the mean of the Herschel and SCUBA-2 values (14.0 and 17 K, respectively).
The mass-size relationship for these cores is plotted in Fig. 6 . The cores with the largest radii are also the most massive. Core mass can be modelled simply as M = 2π m r 2 , with m the mean mass per unit surface area. Therefore, a core with a larger radius will be more massive provided m ∼ r −γ , where γ < 2. For these cores, is uncorrelated with the mean core radius, meaning that γ ∼ 0 and the largest cores will indeed be the most massive. Also visible in this figure is the cluster of cores at similar sizes/radii. The majority of the cores identified range between 0.1 and 0.4 M in mass, and ∼3000-5000 au in size (corresponding to approximately 1-2 beam FWHM at 850 μm).
Of the 12 extended sources, three have M > 1.0 M , eight have masses between 0.1 and 1.0 M and one has a mass below 0.1 M . The total mass of all cores is 8.7 M , with a mean mass of the cores seen with SCUBA-2 of 0.73 M . Assuming a typical core-to-star mass efficiency of 40 per cent, star formation possibilities include low-mass stars (a maximum of ∼1 M from L1S2 2) and brown dwarfs, assuming core collapse proceeds in the first place.
Comparison with LABOCA 870 μm observations
The most clustered region in Lupus I is at the SE part of the ridge, known in this paper as the E field. In this region, eight cores were identified by SCUBA-2 and six by LABOCA. In addition, two cores were identified by SCUBA-2 in the area of the N field. In contrast, LABOCA identified eight cores in this region. Further cores were identified in both analyses, but these were not in areas with shared coverage. SCUBA-2 cores were identified by FellWalker, and LABOCA cores were identified using CLUMPFIND (Williams, de Geus & Blitz 1994) .
Of the seven SCUBA-2 identified cores for which there is a corresponding LABOCA core, the continuum masses are consistent between all but one of them, once uncertainties are taken into account. The mass of L1S2 8 is significantly lower than the corresponding LABOCA core (0.21 versus 0.53 M ). Both SCUBA-2 and LABOCA masses for corresponding cores are given in Table 12 .
The LABOCA cores all have larger given sizes than the SCUBA-2 cores, and fluxes are also larger, with the exception of Core 1 (L1S2 1). The LABOCA beam size (21.2 arcsec) is larger than the SCUBA-2 beam size (14.1 arcsec). Additionally, the LABOCA observations exhibit superior recovery of faint, large-scale emission found in the regions around cores. This enables LABOCA cores to have a larger extent, and consequently produce a greater flux detection than the SCUBA-2 cores. L1S2 7 also has an extent greater than 2.5 arcmin along one axis, meaning that it may be affected by the spatial filtering in the SCUBA-2 data reduction. The effect of this would be an underestimation of both the flux and size of the core.
The presence of YSOs near or within certain cores (e.g. L1YSO 11 is coincident with L1S2 4) means that T and β will likely not be uniform across all of these structures. Treating all emission as extended (with β = 2.0 and T < 20 K) is therefore likely to lead to an overestimation of masses in these cores.
CLUMPFIND uses contours in the data to identify clumps of emission, but noise spikes in the data (corresponding to a single 'real' core) can lead to several separate clumps being identified (see Berry 2015 and references therein). FellWalker would be expected to avoid this problem, thus providing a possible explanation for the identification of L1S2 7 as five separate LABOCA cores (6, 7, 8, 9, 10) . There is no clear visual indication in the SCUBA-2 map of significant substructure in L1S2 7 corresponding to the locations of the LABOCA cores. If, however, L1S2 7 does in fact consist of five separate cores, then there will be a greater number of cores in Lupus I, with a lower mean mass.
Comparison to cores identified by Mopra
Benedettini et al. (2012) used molecular line data obtained with the Mopra telescope to map the Lupus I, III and IV molecular clouds. In Lupus I, the observations cover the main ridge (B228). They identify eight cores in this region, with five corresponding to ones identified by SCUBA-2 (Lup1_C3, 4, 6, 7 and 8 corresponding to L1S2 7, 1, 2, 5 and 6, respectively). Emission lines from several molecular tracers were observed by Mopra, including NH 3 , N 2 H + , HC 3 N, CS and CH 3 OH. Cores were then identified using whichever tracer best-defined the clump. The five matching cores are listed with CS (2-1) transition line-width information in Table 14. SCUBA-2 identifies cores not seen with Mopra, and the reverse is also true (although the three most massive cores identified by SCUBA-2 are also seen with Mopra). SCUBA-2 has identified up to seven cores that Mopra did not detect, including two in the SW field not observed with Mopra. Some will likely be due to the clustered sources in the E field being detected as single objects by the larger Mopra beam, which, at 3 mm, is 35 arcsec. This low resolution means that particularly in the vicinity of L1S2 5, Mopra may also have picked up emission from the nearby cores identified by SCUBA-2 (3 and 4). Additionally, L1S2 6 lies near L1S2 8 and L1S2 10, meaning that these could also be effectively merged into the single Mopra core Lup1_C8.
Three cores were identified with Mopra that SCUBA-2 did not detect. All three of these cores (C1, C2 and C5) were detected weakly, or not at all, in NH 3 and N 2 H + . These species effectively trace the denser, inner regions of cores (Di Francesco et al. 2007) and an abundance of these molecules is indicative of a more evolved core (pre-stellar or protostellar). This therefore suggests that these three cores are starless and represent relatively low-density extended emission. The SCUBA-2 data reduction process suppresses large-scale areas of emission without strong central peaks of emission (Mairs et al. 2015) . This suppression happens to a greater extent than with, for example, the Herschel 500 μm observations of Lupus I (Rygl et al. 2013) . Therefore, extended cores without strong emission peaks, such as these three, can fail to appear in the SCUBA-2 map while still being identified by other instruments (Ward-Thompson et al. 2016) .
Stability analysis
The Jeans mass for each of the cores was estimated using the relation from Chabrier (2003) ,
where T is the temperature of the core and n 0 is the average number density of molecules (assumed to be hydrogen and helium). Jeans masses for all cores are provided in Table 13 . The average number density of molecules is given by n 0 = M/μm p V, where M is the mass of the core calculated using the submillimetre continuum flux, μ is the assumed mean molecular mass (for the combination of H 2 and He) of 2.38 . and m p is the mass of a proton. V is the ellipsoidal volume of the source, calculated from the core radius given in Table 13 . The same temperatures were used to calculate the Jeans mass for each core as were used in calculating the core masses (see Table 12 ).
Less massive cores, for which the calculated submillimetre continuum mass is below the estimated Jeans mass, are sufficiently supported against gravitational collapse by thermal motions alone. For some, this state implies they will not collapse to form YSOs in the first place. Other sub-Jeans cores correspond to areas that have already formed YSOs, such as L1S2 4. This core contains the object L1YSO 11 (HT Lup), and thus has already undergone collapse in the past and will not fragment further. Additional sub-Jeans cores in which class II YSOs can be found are L1S2 6 and L1S2 9 (with L1YSOs 14 and 10, respectively).
Under the assumption that only thermal pressure is available to support against gravitational collapse, the Jeans mass suggests that the three larger, more massive cores in this sample (L1S2 1, L1S2 2 and L1S2 7) should be unstable against gravitational collapse, due to having masses significantly larger than the estimated Jeans mass for a core with similar density and temperature. However, L1S2 1 already contains the protostar L1YSO 7. As such, it would no longer be expected to satisfy the Jeans stability criterion.
Stability was also examined by calculating the virial mass for cores, when molecular line-width data from Benedettini et al. (2012) was available. Virial masses were calculated using the relation
where R is the radius of a core when treated as spherical and G is the gravitational constant. v is the 3D velocity dispersion of an observed tracer molecule in the cloud (in this case, CS (2-1), with 1D velocity dispersions given in Table 14 ). The virial parameter α vir (Bertoldi & McKee 1992) was calculated for each core with an available linewidth, with α = M vir /M 850 . In the simplest case of treating a core as a constant density sphere, α vir < 1 would indicate that the core is supercritical. When the core is instead treated as a Bonnor-Ebert sphere (Ebert 1955; Bonnor 1956) or is elongated (Bertoldi & McKee 1992) , supercriticality is found with cores where α vir < 2 (Kauffmann, Pillai & Goldsmith 2013) .
A total of five cores identified by Benedettini et al. (2012) with available CS (2-1) transition data (Lup1_C3, Lup1_C4, Lup1_C6, Lup1_C7 and Lup1_C8) were also observed by SCUBA-2. Observations of the CS (2-1) transition were used to calculate the virial mass as CS provides a better match to dust core size than the other available species (Di Francesco et al. 2007 ). The 1D linewidths ( v 1D ) 2 were converted to 3D velocity dispersions (σ 3D ) 2 using the relation
These linewidths, listed in Table 14 , were used in calculating the critical virial mass for five of the identified dense cores in Lupus I (see Table 13 ). Once non-thermal turbulent support is taken into account, these calculations show that four of the five cores (L1S2 1, 5, 6 and 7) are virially stable. The core L1S2 1 contains the known protostar IRAS 15398-3359 (Heyer & Graham 1989) , identified as SSTc2d J154301.3-340915 by Spitzer (Chapman et al. 2007; Merín et al. 2008 ) and as L1YSO 7 in this paper. The presence of a protostar in this core indicates that it has already undergone gravitational collapse. Indeed, indications of infall towards this source in Herschel water spectra were observed by Mottram et al. (2013) . The calculation of virial masses using equation (11) assumes that the CS (2-1) linewidth is produced by turbulent motions that are able to support against collapse. This would not be the case if the linewidths were a result of outflowing/infalling material from a central object, as may be the case with L1S2 1/L1YSO 7.
L1S2 7 has a mass greater than its associated Jeans mass, but the virial parameter for this core is 5.5. This difference may be an indication that turbulent support in L1S2 7 is more important than thermal support. The proximity of L1S2 7 to L1S2 1, which contains L1YSO 7, could mean that turbulent activity has been induced by this nearby star formation. However, the CS (2-1) linewidths are all supersonic. This suggests that the cores are being supported by an additional support mechanism, perhaps pressure confinement (Pattle et al. 2015) , which is preventing the turbulent pressure from breaking them apart.
The final core of the five, L1S2 2, has a virial parameter of 1.1 ± 0.4. This indicates that the core may be virially unstable and about to undergo gravitational collapse. The potential instability of L1S2 2 is notable given that there are no known YSOs within this core (with the nearest being L1YSO 9 at the edge), though the close proximity of L1YSOs 9, 10 and 11 shows a history of star formation in the vicinity of L1S2 2. With a mass of 2.99 M , it could be in the very earliest stages of birthing new stars. If there are deeply embedded YSOs in this core, then they would be expected to produce outflows of material.
The virial analysis here has shown L1S2 7 to be virially stable, and L1S2 2 to be potentially unstable. This difference indicates that starless, super-Jeans cores may be reaching the pre-stellar stage, or they may actually be subcritical thanks to additional support over thermal motions. Sadavoy, Di Francesco & Johnstone (2010) examine 17 cores with masses greater than their Jeans mass, previously classified as starless. They find three are genuinely starless, similar to L1S2 2 and L1S2 7. These cores may be supported by nonthermal motions, or they may also be virially unstable precursors to star formation. Pattle et al. (2015) find one of these starless cores, in Ophiuchus, to have a lower mass than calculated in Sadavoy et al. (2010) . These newer observations with SCUBA-2 indicate that this core may not be super-Jeans at all. Mairs et al. (2016) find two seemingly gravitationally unstable objects in Southern Orion A that contain no known YSOs. The contrast in virial stability between L1S2 2 and L1S2 7 indicates that such objects may or may not be pre-stellar. This is also seen by Pattle et al. (2015) ; of the four cores in Ophiuchus (out of 23) that are clearly gravitationally bound, three are virially bound (so pre-stellar) and one is not (though uncertainties mean that this is not definitive). Overall, it seems that the incidence of a low number of both starless and pre-stellar super-Jeans cores is typical in Gould Belt clouds. Southern Orion A is, however, a much more massive cloud than Lupus I, with an extinction-derived mass within the SCUBA-2 footprint of 9.5 × 10 4 M , compared to the distanceadjusted value for Lupus I of ∼250 M . Additionally, the total mass of the islands observed by SCUBA-2 is 1.3 × 10 3 M in Southern Orion A, and only 8.7 M in Lupus I. This seems to suggest that Lupus I shows a larger incidence of super-Jeans cores, but caution should be exercised with this assessment, as the total number of cores in Lupus I (12) is small.
S U M M A RY A N D C O N C L U S I O N S
In this study, both point-like sources (assumed to be YSOs) and extended emission (assumed to be protostellar, pre-stellar or starless cores) were extracted from the JCMT GBS SCUBA-2 maps of the Lupus I molecular cloud. YSOs were extracted using aperture photometry while extended objects were identified using the FellWalker source extraction algorithm. These observations have provided evidence for both ongoing and potential future star formation within Lupus I.
11 previously identified YSOs were detected by SCUBA-2 at 850 μm. Of these, four were also detected at 450 μm. One of the 11 sources is Class 0, one is Class I, one is a Class F and the rest are Class II; no Class III sources were detected by SCUBA-2. This distribution of Classes and evidence of ongoing star formation is similar to that found in the Ophiuchus north region, also in ScoCen (Hatchell et al. 2012) , and contrasts with the low number of Class I and high number of Class III sources in Lupus III (Merín et al. 2008) .
The overall fraction of YSOs in Lupus I that are protostellar (Including Class F) is consistent with that seen in other Gould Belt regions, such as Ophiuchus and Serpens (Dunham et al. 2015) . However, the fraction of Class 0/I YSOs is greater in Lupus I (16 per cent versus 11 per cent), while the Class III fraction is low (16 per cent versus 40 per cent), suggesting that it is younger than many other Gould Belt clouds. Four additional YSOs detected by Spitzer were too faint to be detected by SCUBA-2, leading to a total of 15 YSOs being analysed further here.
For the 10 more evolved Class II and III sources, as well as two Class F sources, calculations of disc mass from submillimetre continuum emission (assuming T = 20 K and β = 1) reveal only one source has a disc mass of over the MMSN. This single occurrence is consistent with 2/20 YSOs detected by SCUBA-2 in Taurus L1495 having disc masses greater than the MMSN (Buckle et al. 2015) . Among the nine Class F and II sources, the mean circumstellar disc mass is 5.9 × 10 −3 M . For the three less-evolved Class 0 and I YSOs, as well as the two Class F YSOs, protostellar envelope masses and temperatures, were estimated using opacity-modified blackbody SED envelope fits for the three sources that were detected by SCUBA-2. When a lessevolved source was not detected by SCUBA-2, an upper limit to envelope mass was instead calculated. All of these envelope masses are low enough that any YSOs produced would be low-mass stars, brown dwarfs or even sub-brown dwarfs. Temperatures were found to be greater than the typical value of 14 K, particularly for L1YSO 1 (T = 28.8 K) that is located off the main ridge in the SW field.
Bolometric temperatures and luminosities were calculated for all 15 YSOs. Classifications based on T bol largely match those based on spectral index. Three have L bol < 0.1 L and another three have L bol > 1 L , with the rest lying within this range. The embedded YSOs with L bol ≤ 0.1 L , L1YSO 2 and L1YSO 9 are therefore VeLLOs. A third source with L ∼ 0.1 L , L1YSO 5, is also consistent with being a VeLLO, due to a large uncertainty on L bol . Furthermore, a fourth source, L1YSO 1, may be an example of a protostellar VeLLO being heated to a higher bolometric luminosity by the interstellar radiation field. This number of VeLLOs represents a larger fraction of VeLLOs than was found by Dunham et al. (2008) across the Spitzer c2d survey regions.
SEDs for all 15 YSOs within the field of view of SCUBA-2 in Lupus I were produced. The model SEDs of Robitaille et al. (2006) were fit to the observed fluxes for each YSO. Statistical tests were used to separate well-fitting SEDs from poorly fit ones. Where multiple models provided good fits to the SED of a particular YSO, the ranges of disc masses, envelope masses and interstellar extinction values were found. In general, the parameter most effectively constrained by these models was the interstellar extinction, with large degeneracies being found in disc and envelope masses. The upcoming Herschel point source catalogue for Lupus I will provide further data in the submillimetre regime, which should facilitate improved models.
An updated SFR for Lupus I, of 2.6 ± 0.6 M Myr −1 , was calculated. Whilst this is low compared to many other Gould Belt regions, the low mass of Lupus I means that it is not unusual.
Next, 12 areas of extended emission, corresponding to starless, pre-stellar or protostellar cores were found in the SCUBA-2 850 μm map. Across all 12, the mean mass is 0.73 M and the total mass is 8.7 M , approximately 1/20 of the total mass in the main part of the cloud.
Values for the thermal Jeans mass are estimated for each of these cores, with values between 0.3 and 1.1 M . The three largest cores are not Jeans stable. One of these cores, however, contains a known protostar; therefore, two starless super-Jeans cores are detected in Lupus I. This is consistent with observations in southern Orion A by Mairs et al. (2016) , which also contain two starless super-Jeans cores.
Virial stability analysis, including non-thermal linewidths, is thus also performed using CS (2-1) transition data for five sources in Lupus I. Four sources are found to be stable against collapse, including one of the starless super-Jeans cores. The fifth core is virially bound, with a virial parameter of 1.1 ± 0.4. This core, L1S2 2, contains no known YSO detections and has a mass of 2.99 M . This core may therefore be a pre-stellar core candidate, meriting further observations.
The presence of a pre-stellar core candidate, and the high Class 0/I to Class III YSO ratio of 1:1, provides further evidence that a star formation event in Lupus I has been triggered recently by a shock (Gaczkowski et al. 2015) .
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